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AB STR A CT 

Theoretical l i n e  p r o f i l e s ,  applicable t o  t h e  analysis  of 

geocoronal Ha prof i le  measurements, a re  p r e s e n t e d  f o r  i l l u s t r a t i v e  cases.  

While re ta in ing  a number of simplifications ( c l a s s i c a l  exobase, d i f fus ive  

equilibrium plasmasphere conditions),  d i s t i n c t i v e  s p e c t r a l  s ignatures  of 

mechanisms governing the  geocorona are i so la ted .  Examining t h e  consequences 

of s o l a r  radiat ion pressure dynamics is  t h e  main point here: t h i s  operates t o  

form narrow evaporative prof i les  via the creat ion of an extensive quas i -  

s a t e l l i t e  component. Comparison with a s imple  extension of the e a r l i e r  

ana ly t ic  theory d isc loses  t h e  influence of an exopause i n  t h i s  regard. The 

main modifications t o  evaporative spectral  shapes i n  the geocoronal applica- 

t i o n ,  f o r  shadow heights greater  than two Earth r a d i i ,  a r e  predicted t o  be 

( i >  a blueward l l s h i f t l l  or bias near l i n e  center ,  f o r  look d i rec t ions  p a r a l l e l  

t o  the an t i so la r  a x i s ,  generated by loss  mechanisms ac t ing  over the  time of 

f l i g h t  of exospheric const i tuents  (e .g., s o l a r  i o n i z a t i o n ) ,  and ( i i )  an 

enhanced redward  wing a t  s p e c t r a l  displacements exceeding t h a t  defined by the 

shadow height escape speed ,  produced by plasmaspheric charge exchange c o l l  i- 

s ions .  Implications of these resu l t s  for  recent measurements of geocoronal Ha 
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1 .  INTRODUCTION 

Chamberlain C19761 s e r v e d  t o  p o i n t  o u t  t h a t  careful o b s e r v a t i o n s  of 

spectral  l i n e  p r o f i l e s  might a i d  i n  r e s o l v i n g  numerous q u e s t i o n s  r e g a r d i n g  t h e  

g e o c o r o n a .  The impetus  for  u n d e r t a k i n g  t h e  c u r r e n t  c a l c u l a t i o n s  l i e s  i n  t h e  

g e o c o r o n a l  Balmer-a (H 1 p r o f i l e  i n t e n s i t y  measurements  r e c e n t l y  repor ted  by 

Yelle and Roesler 119853 and  Kerr e t  a l .  C19861. S e v e r a l  a s p e c t s  of these 

o b s e r v a t i o n s  have  seemed p u z z l i n g  when compared w i t h  e i ther  t h e  Monte-Carlo 

r e s u l t s  of T i n s l e y  and c o l l e a g u e s  [Hodges et a l . ,  1981; T i n s l e y  e t  a l . ,  19863 

o r  w i t h  t h e  a n a l y t i c  t h e o r y  of Chamberlain C19761. For example ,  t h e  i n t e r p r e -  

t a t i o n  of t h e  nar row l i n e  w i d t h s  near m i d n i g h t  p r e s e n t e d  by Yelle and Roesler 

are n o t  e a s i l y  re la ted t o  t h e  local speed  d i s t r i b u t i o n s  and d e r i v e d  l l tempera- 

tures" o b t a i n e d  i n  t h e  Monte-Carlo s i m u l a t i o n s  n o t e d  a b o v e ,  w h i l e  t h e  d i s t i n c -  

t i v e  s h o u l d e r e d  s p e c t r u m  f u n c t i o n s  g e n e r a t e d  by moderate s a t e l l i t e  c r i t i c a l  

a 

r ad i i  i n  t he  a n a l y t i c  theory  a re  not  i n  e v i d e n c e .  It is b e l i e v e d  t h a t  some of 

t h e  c o n f u s i o n  is a t t r i b u t a b l e  t o  u n c e r t a i n t y  i n  just what these p r o f i l e s  

r e v e a l  a b o u t  t h e  geocorona .  The main p u r p o s e  of t h i s  p a p e r  i s  t o  i n d i c a t e  t h e  

s o r t s  of p r o f i l e s  t h a t  can  be expected i n  selected cases and t o  i so l a t e  t h e  

c a u s e ( s )  of the  p r i n c i p a l  s p e c t r a l  f e a t u r e s .  I n  view of its fundamenta l  

i n f l u e n c e  on  g e o c o r o n a l  s t r u c t u r e ,  s i g n a t u r e s  i i e ~ i v i n g  f'rom t h e  zc t io~ i .  of 

r a d i a t i o n  p r e s s u r e  are emphasized.  F u r t h e r ,  a more comprehens ive  i n t e r p r e t i v e  

framework is s u g g e s t e d  as b e i n g  needed t o  access b o t h  t h e  s i g n i f i c a n c e  of 

o b s e r v e d  features and t h e  p o t e n t i a l  r e l i a b i l i t y  of s u c h  o b s e r v a t i o n s  as a 

t e c h n i q u e  fo r  m o n i t o r i n g  p r o c e s s e s  n e a r  t h e  E a r t h .  

I n  t h i s  s t u d y ,  t h e  l i n e s  of s i g h t  selected for  e v a l u a t i o n  are a l o n g  the  

Earth-Sun a x i s ;  a comparison of the  r e s u l t s  p r e s e n t e d  i n  Bishop C19853 and 

B i s h o p  and  Chamber la in  C19861 ( h e r e i n a f t e r  referred t o  as GS1 and GS2, respec- 

t i v e l y )  i n d i c a t e s  t h a t  e x o s p h e r i c  q u a n t i  t ies  a t  n e a r - a x i s  l o c a t i o n s  do n o t  



v a r y  n o t i c e a b l y  from t h e i r  a x i a l  values, s o  t h e  p r o f i l e s  p r e s e n t e d  here are  

d i r e c t l y  comparable  t o  o b s e r v a t i o n s  made a l o n g  l i n e s  of s i g h t  r o u g h l y  p a r a l l e l  

t o  t h e  Earth-Sun a x i s .  L ine  p r o f i l e s  have been computed f o r  s e v e r a l  shadow 

h e i g h t s ,  w i t h  an emphas is  on column bases well enough away from t h e  e x o b a s e  

t h a t  n o n u n i f o r m i t i e s  i n  exobase  d e n s i t y  and  t e m p e r a t u r e  are n o t  l i k e l y  t o  mask 

p r o f i l e  f e a t u r e s  a r i s i n g  from r a d i a t i o n  p r e s s u r e  dynamics and t h e  plasmasphere 

i n t e r a c t i o n .  The cases c o n s i d e r e d  i n v o l v e  p r o f i l e s  g e n e r a t e d  by f l u o r e s c e n t  

s c a t t e r i n g  i n  a s i m p l e  e v a p o r a t i v e  e x o s p h e r e ,  i n  an  e x o s p h e r e  e x p e r i e n c i n g  

i o n i z a t i o n  by s o l a r  e m i s s i o n s ,  and  i n  e x o s p h e r e s  i n t e r a c t i n g  w i t h  t h e  s p h e r i -  

cal and  d i p o l a r  p l a smasphe re  models  of GS2. R a d i a t i o n  p r e s s u r e  is r i g o r o u s l y  

t a k e n  i n t o  a c c o u n t  i n  each case. The p r e s e n t a t i o n  is i n  terms of bo th  l i n e  

p r o f i l e s  a n d ,  p r e f e r a b l y ,  s p e c t r u m  f u n c t i o n s  as d e f i n e d  i n  Chamber la in  C19761. 

Use of  t he  s p e c t r u m  f u n c t i o n  pe rmi t s  separation of t h e  rather weak features 

i n d i c a t i v e  of p l a s m a s p h e r i c  Charge exchange  c o l l i s i o n s  and  so la r  i o n i z a t i o n  

f rom t h e  o v e r r i d i n g  e x p o n e n t i a l  dependence of the  p r o f i l e  o n  t h e  s q u a r e  of t h e  

r ad ia l  s p e e d .  

The s i m p l i f i c a t i o n s  r e t a i n e d  i n  t h i s  s t u d y  a r e  a p p r o p r i a t e  f o r  t h e  aim of 

e r e c t i n g  a framework f o r  o b s e r v a t i o n a l  a n a l y s i s .  The e x o b a s e  s o u r c e  of 

g e o c o r o n a l  hydrogen a toms is  cnarauier-.ized by a c ~ i x t s ~ t  d e ~ s i t g  N c  ar!d 

t e m p e r a t u r e  Tc. S i n g l e  s c a t t e r i n g  w i t h o u t  shadow r e g i o n  c o n t a m i n a t i o n  is 

assumed, t a n t a m o u n t  t o  t a k i n g  t h e  base of t h e  i l l u m i n a t e d  r e g i o n  t o  be a s h a r p  

boundary. The i n c i d e n t  s o l a r  Lyman-@ f l u x  is n o t  Cons ide red  t o  be a t t e n u a t e d  

by passage t h r o u g h  t h e  d a y s i d e  and t e r m i n a t o r  r e g i o n s .  Complete f r e q u e n c y  

r e d i s t r i b u t i o n  i n  t h e  f l u o r e s c e n c e  p r o c e s s  is assumed. P r o f i l e  d i s t o r t i o n s  

a s s o c i a t e d  w i t h  atomic f i n e  s t ructure  are n o t  c o n s i d e r e d .  
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2.  SPECTRUM FUNCTION FORMULATION 

The Doppler b r o a d e n e d ,  o p t i c a l l y  t h i n  l i n e  p r o f i l e ,  e x p r e s s e d  as a n  

a p p a r e n t  e m i s s i o n  r a t e  I ,  is ( u s i n g  t h e  d i m e n s i o n l e s s  v a r i a b l e s  of CS1) 

where f is t h e  k i n e t i c  d i s t r i b u t i o n  f u n c t i o n  f o r  t h e  e x o s p h e r i c  gas,  gH is t h e  

r a t e  of ( f l u o r e s c e n t )  s o l a r  photon  s c a t t e r i n g  p e r  atom, and  K is a c o n s t a n t .  

The shadow h e i g h t  p a r a m e t e r  A ,  i n d i c a t e s  t h e  base of t h e  o b s e r v e d  column. I n  

t h i s  a p p l i c a t i o n ,  e x p l i c i t  c o n s i d e r a t i o n  of t h e  rad ia l  v e l o c i t y  component 

r e q u i r e s  a s l i g h t  r e c a s t i n g  of t h e  dynamica l  framework u s e d  i n  GS1 a n d  CS2; 

t h e  momentum is  here w r i t t e n  i n  terms of 5 and 5 

whereas t h e  rad ia l  p a r a m e t e r  remains  A = GMm/kT,r, where pr and  p are t h e  

r a d i a l  and t r a n s v e r s e  c a n o n i c a l  momenta, r e s p e c t i v e l y ,  r i s  t h e  p l a n e t o c e n t r i c  

distance, m and M are t h e  c o n s t i t u e n t  and p l a n e t a r y  masses, r e s p e c t i v e l y ,  C is 

t h e  g r a v i t a t i o n a l  c o n s t a n t ,  and  k i s  t he  Boltzmann c o n s t a n t .  i r i  t h i s  appl ica-  

t i o n  E refers t o  t h e  o r i e n t a t i o n  of t h e  dynamica l  p l a n e  t o  t h e  m a g n e t i c  

e q u a t o r .  

X 

The i n t e g r a l s  i n  Eqn. ( 1 )  a r e  r e s t r i c t ed  s o  t h a t  o n l y  e x o b a s e  p i e r c i n g  

t ra jec tor ies  are p o p u l a t e d ,  w h i l e  t h e  exopause  p r o v i d e s  a c o n v e n i e n t  

t l c e i l i n g . t t  (The e x o p a u s e  is t h a t  r a d i a l  d i s t a n c e  r beyond which t h e  

r a d i a t i o n  p r e s s u r e  a c c e l e r a t i o n  e x c e e d s  t h e  p l a n e t a r y  g r a v i t a t i o n a l  

a c c e l e r a t i o n . )  W r i t i n g  f = f o  ( 1  + @I, where f o  d e n o t e s  t h e  e v a p o r a t i v e  

k i n e t i c  d i s t r i b u t i o n  a l o n g  a n  exobase i n t e r s e c t i n g  t r a j ec to ry  

P 
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Ne f o  = - 
T 3 / 2  

and ( 1  + @ I  conveys  t h e  e f fec ts  of solar i o n i z a t i o n  and r e s o n a n t  c h a r g e  

exchange c o l l i s i o n s  w i t h  p l a s m a s p h e r i c  p r o t o n s ,  Eqn. ( 1 )  becomes 

where x is t h e  solar a n g l e ,  a is t h e  ( d i m e n s i o n l e s s )  r a d i a t i o n  p r e s s u r e  

a c c e l e r a t i o n ,  and  e n e r g y  c o n s e r v a t i o n  a l o n g  a t r a j e c t o r y  has  been u s e d  t o  

expand J'c2 - 

S(S ,A , )  is t h e  s p e c t r u m  f u n c t i o n  and c o n t a i n s  t h e  i n f o r m a t i o n  p e r t a i n i n g  t o  

a e v i a i i v r i s  ~'I-GT zii isothermal g-.s Ti; t h e  idealized czse evaliuat,ed i n  

Chamber la in  C19761, a and cp are both  z e r o  and t h e  limits o n  t h e  < - i n t e g r a l  are 

a l g e b r a i c a l l y  d e t e r m i n a b l e .  I n  t h e  a p p l i c a t i o n s  a t  haEd t h e  p rope r  exobase  

p o i n t s  of o r i g i n  for g e o c o r o n a l  atoms are n o t  w i t h i n  a l g e b r a i c  reach (a 01, 

and t h e  i n c l u s i o n  o f  p l a smasphe r i c  c h a r g e  exchange  r e q u i r e s  ( 1  + @ )  be 

e v a l u a t e d  s t e p  by s t e p  a l o n g  each  t r a j e c t o r y  sampled  by the l i m e  of s i g h t  

( refer  t o  ~~3 .2 ) .  

The <-limits are found i n  these c a l c u l a t i o n s  u s i n g  a n  i t e r a t i v e  search 

r o u t i n e  of t h e  t y p e  employed i n  GS1 and CS2 t o  d e t e r m i n e  re la ted v e l o c i t y  
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l i m i t s  ( i . e . ,  t h e  cone  of a c c e p t a n c e  and minimum escape s p e e d ) .  F i g u r e  1 

p r e s e n t s  a n  example of these limits as  f u n c t i o n s  of X f o r  a s p e c i f i e d  solar 

a n g l e  ( x )  and r a d i a l  s p e e d  (E,). The a n a l y t i c  (a = 0 )  limits of Chamber la in  

[1976], shown f o r  c o m p a r i s o n ,  are given by ( A  d e n o t e s  t h e  e x o b a s e  l e v e l )  
C 

X 
( 6 2  + X c  - W I 2  

( A c '  - CCONEO = 

The c o m p u t a t i o n s  for  S(S,A,) have been done u s i n g  t h e  G a u s s i a n  net  

c o n s t r u c t i o n  employed i n  GS1 and GS2, m o d i f i e d  as a p p r o p r i a t e  for  t h e  c u r r e n t  

choice of i n t e g r a t i o n  v a r i a b l e s .  The i n t e r v a l  [ X p , X l ]  was spanned  by 8 or 16 

p o i n t  G a u s s i a n  summations,  depending o n  t h e  choice of 1 1 ,  a l o n g  t h e  solar 

( x  = 0') and a n t i s o l a r  ( x  = 180') , d i r e c t i o n s  of the Earth-Sun a x i s ;  the  search 

r o u t i n e  Cnen deterriiliiied ~ESC!X,S! a d  csT:E(X $5) for  each rad ia l  summation 

p o i n t  and p r e s c r i b e d  r a d i a l  speed .  The 5 - i n t e g r a l s  were t h e n  e v a l u a t e d  wi'cn 

4-poin t  G a u s s i a n  summations for  each o b s e r v e d  component ( b a l l i s t i c ,  s a t e l l i t e ,  

and e s c a p e ) .  T h e s e  t r a j e c t o r y  classes are i n d e p e n d e n t  of t h e  o r i e n t a t i o n  

between t h e  dynamical  p l a n e  and t h e  m a g n e t i c  e q u a c o r ,  p e r - u ~ i t t i i i j j  tlre E- 

i n t e g r a l  t o  be h a n d l e d  separately.  With t h e  dipolar p l a s m a s p h e r e  model of 

GS2, t h i s  i n t e g r a l  can  be r e s t r i c t e d  t o  t h e  r a n g e  [O,.rr/2] w i t h  a m u l t i p l i -  

c a t i v e  factor  of 4 and  was e v a l u a t e d  w i t h  a 4 - s t ep  Simpson arc  summation, 

w h i l e  w i t h  t h e  sphe r i ca l  plasmasphere model t h i s  i n t e g r a l  s i m p l y  r e d u c e s  t o  a 

f a c t o r  of 2n. The dependence of the  A -  and <-limits on 6 is  t o  be emphasized:  

f o r  6 l a r g e  enough (AC1''/2 i n  t h e  a n a l y t i c  case) there is no s a t e l l i t e  

c o n t r i b u t i o n ,  w h i l e  fo r  5 exceeding  t h e  shadow h e i g h t  e s c a p e  s p e e d  o n l y  t h e  

escape component c o n t r i b u t e s .  
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3 .  PROFILE EXAMPLES 

E v a p o r a t i v e  Case 

I n t e n s i t y  p r o f i l e s  c a l c u l a t e d  f o r  t h e  s i m p l e  e v a p o r a t i v e  case (classical  

e x o b a s e ,  r a d i a t i o n  p r e s s u r e  a c t i n g )  are d i s p l a y e d  i n  F i g u r e  2, n o r m a l i z e d  t o  

l i n e  c e n t e r  ( 5  = 0 )  and e v a l u a t e d  for a v a r i e t y  of shadow he igh t s  a l o n g  a l i n e  

s i g h t  p a r a l l e l  t o  t h e  midnight  a x i s  ( x  = 180'). The component c o n t r i b u t i o n s  

t o  these p r o f i l e s  are a l s o  shown. The e v a p o r a t i v e  s a t e l l i t e  component arises 

from t h e  v a r i a t i o n  of t r a j e c t o r y  a n g u l a r  momentum, i n d u c e d  by r a d i a t i o n  

p r e s s u r e ,  i n  t h e  manner d i s c u s s e d  i n  CS1. The r e s u l t i n g  k i n e t i c  d i s t r i b u t i o n  

1s o b t a i n e d  v i a  L i o u v i l l e ' s  theorem, knowing t h e  e x o b a s e  d e n s i t y  and tempera- 

ture;  a t  l o c a t i o n s  well i n s i d e  t he  e x o p a u s e ,  a t  bound e n e r g i e s ,  a n d  for  a 

uni form e x o b a s e ,  i t  is n e a r l y  a n  i s o t r o p i c  Maxwell ian.  Thus ,  w h i l e  t h e  

b a l l i s t i c  component dominates  t h e  l i n e  n e a r  t h e  e x o b a s e ,  t h i s  is m o s t l y  

compr ised  of t i g h t l y  bound atoms, and away from t h e  e x o b a s e  t h e  s a t e l l i t e  

compcr,er.t mikes up most of t h e  o b s e r v e d  hydrogen .  (Note t h a t  a ra ther  cool 

e x o b a s e  has been assumed: X = 6.9.) As w i l l  be borne  o u t  i n  iiie eiisiiiiig 

cases, these examples  i n d i c a t e  t h a t  p r o f i l e  i n f o r m a t i o n  o b t a i n e d  w i t h  shadow 

C 

h e i g h t s  n e a r  or beyond geosynchronous  r a d i u s  a p p l i e s  p r i m a r i l y  t o  t h e  

s a t e l l i t e  component ( o r ,  more p r o p e r i y ,  t h e  quasi-satellits eompznw.t >. The 

" g r a v i t a t i o n a l  c o o l i n g "  mentioned by Kerr e t  a l .  C19861 i s  e v i d e n t  h e r e  i n  t h e  

i n c r e a s i n g  n a r r o w n e s s  of t h e  p r o f i l e s  as t h e  shadow height i s  raised. 

Comparison w i t h  the  a n a l y t i c  t h e o r y  of  Chamberlain C1963, 19763 s e r v e s  t o  

h i g h l i g h t  t h e  consequences d e r i v i n g  from r a d i a t i o n  p r e s s u r e  dynamics.  I n  

t h e  l e f t  p a n e l  of F i g u r e  3 t h e  midnight  a x i s  e v a p o r a t i v e  (RP, 180O) i n t e n s i t y  

p ro f i l e  is shown a l o n g  w i t h  t h e  a n a l y t i c  rcs = rc and rcs = pro f i l e s ,  each 

n o r m a l i z e d  t o  l i n e  c e n t e r ,  fo r  a shadow h e i g h t  of 2.50 RE. The v a r i a t i o n  of 

p r o f i l e  is n o t  s t r i k i n g  i n  t h i s  format, d u e  t o  t h e  o v e r r i d i n g  expC-5'3 f a c t o r .  
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Removing t h i s  f a c t o r  u n v e i l s  t h e  t r u e  v a r i a t i o n  among models and permits  a 

f a i r l y  u n c l u t t e r e d  p r e s e n t a t i o n  format .  I n  t h e  r i g h t  p a n e l  of F i g u r e  3 t h e  

c o r r e s p o n d i n g  spectrum f u n c t i o n s  are shown, n o r m a l i z e d  t o  l i n e  c e n t e r ,  a l o n g  

w i t h  s p e c t r u m  f u n c t i o n s  f o r  a l i n e  of s i g h t  a l o n g  t h e  noon a x i s  ( R P , O o )  i n  t h e  

e v a p o r a t i v e  case and f o r  t h e  a n a l y t i c  rcs = 2.50 RE e x o s p h e r e .  The evapora-  

t i v e  case s p e c t r u m  f u n c t i o n s  e x h i b i t  r o u g h l y  t h e  spectral s h a p e  of t h e  

a n a l y t i c  rcs = p r o f i l e ,  c h a r a c t e r i z e d  by a complete Maxwell ian bound 

component;  t h e  c e n t r a l  minimums g e n e r a t e d  w i t h  f i n i t e  rcs v a l u e s  a re  n o t  

p r e s e n t .  The nar rowness  of t h e  rcs = = p r o f i l e  re f lec ts  t h e  p r e s e n c e  i n  t h i s  

model of large numbers of bound atoms a t  l a rge  d i s t a n c e s  from t h e  p l a n e t  which 

n e c e s s a r i l y  have small r ad ia l  v e l o c i t i e s .  

The broadening  of t h e  e v a p o r a t i v e  case p r o f i l e s  r e l a t i v e  t o  t h e  a n a l y t i c  

= p r o f i l e  i n  F i g u r e  3 is due t o  t h e  i m p o s i t i o n  of t h e  exopause  by 

r a d i a t i o n  p r e s s u r e  dynamics.  High apogee  K e p l e r i a n  o r b i t s  are c o n v e r t e d  by 

r a d i a t i o n  pressure i n t o  e x o p a u s e  i n t e r s e c t i n g  trajectories ( e s c a p e  or f l y b y ) ,  

r e s u l t i n g  i n  a r e d u c e d  minimum escape  s p e e d  (cESC(RP) < cEsc , re fer  t o  F i g u r e  

1) .  I n  t h i s  way, t h e  q u a s i - s a t e l l i t e  component g e n e r a t e d  by r a d i a t i o n  

p r e s s u r e  dynamics is c u r t a i l e d  r e l a t i v e  t o  t h e  K e p l e r i a n  s a t e l l i t e  component 

of t h e  a n a l y t i c  t h e o r y .  T h i s  t r u n c a t i o n  i s  more n o t i c e a b l e  a l o n g  iiie n o o ~  

a x i s  i n  t h a t  c E S C ( R P , O o )  < cESC(RP,l8O0) as d i s c u s s e d  i n  GS2, r e s u l t i n g  i n  a 

s l i g h t l y  broader p r o f i l e .  

cs 

0 

Yelle and Roesler [1985] have i n d i c a t e d  t h e  p l a u s i b i l i t y  of r e f o r m u l a t i n g  

t h e  s a t e l l i t e  c r i t i c a l  radius development t o  take i n t o  a c c o u n t  mechanisms 

a c t i n g  p r e f e r e n t i a l l y  on atoms near a p o g e e ,  of which r a d i a t i o n  p r e s s u r e  is t h e  

most c o n s p i c u o u s  example ;  F i g u r e  1 1  of t h a t  paper  p r e s e n t s  a n  example  of t h e  

m o d i f i c a t i o n s  t h i s  s o r t  of mechanism might  i n t r o d u c e  t o  p r o f i l e s  g e n e r a t e d  

w i t h  t h e  a n a l y t i c  t h e o r y  assuming f i n i t e  rCs v a l u e s .  I t  is a s i m p l e  matter t o  
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e x t e n d  t h e  a n a l y t i c  approach  of Chamberlain C19761 i n  t h i s  f a s h i o n ,  and  i t  i s  

clear t h a t  t h e  exopause  c o n c e p t  must  p l a y  a s i g n i f i c a n t  ro le  in t h i s .  The 

idea is t o  e l i m i n a t e  c o n t r i b u t i o n s  from atoms, imagined  t o  be e x e c u t i n g  

K e p l e r i a n  o r b i t s ,  located o u t s i d e  t h e  exopause .  I t  is n o t  enough,  however ,  t o  

s i m p l y  s u b t r a c t  t r a n s - e x o p a u s e  c o n t r i b u t i o n s  from t h e  a n a l y t i c  f o r m u l a t i o n ,  a s  

atoms on bound o r b i t s  i n t e r s e c t i n g  t h e  exopause  would s t i l l  be c o u n t e d ,  i . e . ,  

atoms would l l rnagical ly"  d i s a p p e a r  on a s c e n d i n g  above  t h e  exopause  o n l y  t o  

r e a p p e a r  on d e s c e n d i n g  below. T h i s  t r i c k  would a l s o  emphas ize  t h e  s p e c t r u m  

f u n c t i o n  c e n t r a l  (5 = 0) minimums and impose such  a minimum i n  t h e  rcs + m 

l i m i t .  Rather, t h e  minimum e s c a p e  speed is m o d i f i e d  by t a k i n g  

= A - A  - 5 2  ( 5 )  
< E X 2  P 

where A is t h e  e x o p a u s e  rad ia l  pa rame te r .  W i t h i n  t h i s  K e p l e r i a n  f ramework ,  

t h e  exopause  is s i m p l y  a n  a l t i t u d e  c e i l i n g  for o rb i t a l  a p o g e e s .  When rc  < rcs 

< r a l i m i t e d  s a t e l l i t e  component is p r e s e n t ,  wh i l e  t h e  a c t i o n  of r a d i a t i o n  

pressure s u g g e s t s  rcs = r t o  be a credible c h o i c e .  The d e t e r m i n a t i o n  o f  

component c o n t r i b u t i o n s  p a r a l l e l s  t h e  ear l ier  a n a l y t i c  deve lopmen t ,  w i t h  cCONE 

P 

P '  

P 

- - & - - . - I - -  & L A  ni,ran i . e L a A i i A i i 5  bllG I ", ,,, ._.. ir! Fntiq --I--- - - ( 4 ?  A ~ a t e ? l i t e  C S ? I ~ G R P R ~ .  c?nn t . r ihu t ion  t o  

t h e  i n t e n s i t y  p r o f i l e  exists when rCs > rc and 

F i g u r e  4 d i s p l a y s  t h e  s u c c e s s  of t h i s  s i m p l e  e x t e n s i o n  o f  t h e  a n a l y t i c  

approach  by compar ing  t h e  e v a p o r a t i v e  (RP) p r o f i l e s  w i t h  p r o f i l e s  g e n e r a t e d  

w i t h  t h i s  r e v i s e d  a n a l y t i c  t h e o r y .  I n  view of the  c a l c u l a t i o n a l  e f f o r t  

required t o  h a n d l e  r a d i a t i o n  p r e s s u r e  dynamics ,  t h i s  s i m p l e ,  i n t e l l i g i b l e  
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model may prove u s e f u l  as an i n t e r p r e t a t i o n a l  a i d  i n  t h e  a n a l y s i s  of o b s e r v e d  

s p e c t r a l  l i n e  p r o f i l e s .  

(The c e n t r a l  minimums of t h e  spectrum f u n c t i o n s  g e n e r a t e d  w i t h  f i n i t e  rcs 

v a l u e s  i n  t h e  a n a l y t i c  development of Chamberlain C19761, and t h e  a s s o c i a t e d  

broad p r o f i l e s ,  might  lead t o  m i s i n t e r p r e t a t i o n s  of l i n e  p r o f i l e s .  Yelle and 

Roesler E19851 c o n c l u d e d  t h a t  t h e  narrow p r o f i l e s  o b s e r v e d  n e a r  midnight  c o u l d  

n o t  be  matched t o  a n a l y t i c  models w i t h  large rcs v a l u e s ,  c o n t r a r y  t o  t h e  

r e s u l t s  shown i n  F i g u r e  3 (see also F i g u r e  1 of Chamber la in  C19761). O f  

t h e  a n a l y t i c  models, t h e  o n l y  r e p r o d u c t i o n  of nar row l i n e s  i s  o b t a i n e d  

when A c s  + 0 (rCs + =) ,  i n  which t h e  c e n t r a l  minimum e x h i b i t e d  by s p e c t r u m  

f u n c t i o n s  w i t h  f i n i t e  rcs v a l u e s  becomes too narrow t o  a p p e a r .  It must be 

acknowledged ,  of c o u r s e ,  t h a t  t h i s  s i m i l a r i t y  of p r o f i l e  s h a p e  is t o  some 

e x t e n t  f o r t u i t o u s ,  i n  t h a t  t h e  l i m i t  Xcs + 0 is c l e a r l y  u n r e a l i s t i c .  However, 

as rcs v a l u e s  i n c r e a s e  w i t h  other e x o s p h e r i c  p a r a m e t e r s  r e m a i n i n g  c o n s t a n t ,  

t h e  e x o s p h e r i c  c o n t e n t  i n c r e a s e s ,  which would y i e l d  better a g r e e m e n t  w i t h  t h e  

l i n e - i n t e g r a t e d  i n t e n s i t y  measurements repor ted  by Yelle and Roesler. As a 

s e p a r a t e  n o t e ,  t h e  v e l o c i t y  or  phase space r e g i o n s  c o r r e s p o n d i n g  t o  t h e  

k i n e t i c  t r a j e c t o r y  classes (ba l l i s t ic ,  s a t e l l i t e ,  and e s c a p e )  are i n d e p e n d e n t  

of the  e x o b a s e  t e m p e r a t u r e ,  and are d e t e r m i n e d  s o l e l y  by g r a v i t y  i n  t h e s e  

a n a l y t i c  models.) 

Solar I o n i z a t i o n  

Solar i o n i z a t i o n  i s  treated i n  t h i s  work as  a s i m p l e  e x p o n e n t i a l  decay  

( refer  t o  CS1, Eqn. (121, and CS2, Eqn. ( 1 5 ) ) .  Spectrum f u n c t i o n s  i l l u s -  

t r a t i n g  t h e  m o d i f i e d  s p e c t r a l  shapes  r e s u l t i n g  from so la r  i o n i z a t i o n  are 

d i s p l a y e d  i n  t h e  u p p e r  two p a n e l s  of F i g u r e  5 for  shadow h e i g h t s  of 2.50 RE 
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and 6.632 RE (geosynchronous  r a d i u s )  and  look d i r e c t i o n  a l o n g  t h e  m i d n i g h t  

a x i s .  The bound component c o n t r i b u t i o n s  are also shown. Normal i z a t i o n  is 

w i t h  respect t o  t h e  c e n t e r  of t he  e v a p o r a t i v e  spectrum f u n c t i o n .  The l i n e  

p r o f i l e s  o v e r a l l  a p p e a r  broader due t o  t h e  r e l a t i v e  weakening of t h e  l i n e  

c e n t e r ,  r e f l e c t i n g  t h e  p r e f e r e n t i a l  loss  of s a t e l l i t e  atoms. The b a l l i s t i c  

component c o n t r i b u t i o n  shows an e x p e c t e d  s l i g h t  d e p l e t i o n  o n  t h e  blueward or  

d e s c e n d i n g  m o t i o n  wing ,  d u e  t o  t h e  l o n g e r  e x p o s u r e  of pos t -apogee  b a l l i s t i c  

atoms t o  so la r  i o n i z i n g  e m i s s i o n s .  The s a t e l l i t e  component redward ( a s c e n d i n g  

m o t i o n )  d e p l e t i o n  is a n  unexpec ted  feature and is s t r o n g  enough t o  g i v e  t h e  

e n t i r e  l i n e  a n  a p p a r e n t  b l u e  s h i f t  t h a t  is o n l y  offset  by t h e  a p p e a r a n c e  i n  

t h e  r edward  wing of t h e  escape component c o n t r i b u t i o n ,  which g raphs  as a 

''ledge" i n  t h i s  format. T h i s  blueward b i a s i n g  n e a r  l i n e  c e n t e r  i n d i c a t e s  t h a t  

a t  a l t i t u d e s  removed from the  exobase  (r  > 2.00 RE), s a t e l l i t e  atoms w i t h  

r a d i a l  v e l o c i t y  components t o w a r d  t h e  p l a n e t  when i n t e r s e c t i n g  t h e  m i d n i g h t  

a x i s  have  a v e r a g e  f l i g h t  times shorter t h a n  t hose  t r a v e r s i n g  t h e  same 

s a t e l l i t e  t ra jec tor ies  i n  t h e  r e v e r s e  s e n s e .  

F i g u r e  5 a l s o  d i s p l a y s  t h e  c o r r e s p o n d i n g  noon a x i s  s p e c t r u m  f u n c t i o n s  i n  

t h e  lower two p a n e l s  ( f o r  which t h e  idea  of a shadow he igh t  is a r t i f i c i a l ) .  

The b a l l i s t i c  and e s c a p e  component contr ibulciur is  &-e slm::a:, tc thest! alor?g 

t h e  m i d n i g h t  a x i s ,  w i t h  t h e  l i n e  as a whole b e i n g  wider  and  t h e  b a l l i s t i c  

component p r o v i d i n g  a greater part  of t h e  i n t e n s i t y ,  c o n s e q u e n c e s  of t h e  

i m p o s i t i o n  of an exopause  by r a d i a t i o n  p r e s s u r e  dynamics as d i s c u s s e d  

earlier.  The s a t e l l i t e  component is a g a i n  s t r i k i n g ,  e x h i b i t i n g  a n  e f f e c t i v e  

l'age" d i f f e r e n c e  between a s c e n d i n g  and d e s c e n d i n g  m o t i o n s  i n  a manner r e v e r s e d  

t o  t h e  b i a s i n g  a l o n g  t h e  m i d n i g h t  a x i s  and i m p a r t i n g  a n  u n m i s t a k e a b l e  r edward  

s h i f t  i n  these p r o f i l e s .  

T h i s  d i s t i n c t i o n  between motion components toward a n d  away from t h e  
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e x o b a s e  a l o n g  t r a j e c t o r y  segments  t h a t  do n o t  d i r e c t l y  i n t e r s e c t  t h e  e x o b a s e  

c a n  o n l y  be a t t r i b u t e d  t o  r a d i a t i o n  p r e s s u r e  dynamics. I t  is ,  however,  

d i f f i c u l t  t o  g a i n  i n s i g h t  i n t o  t h e  dynamical u n d e r p i n n i n g  of t h i s  phenomenon, 

p a r t l y  because  t h e  s p h e r i c a l  d e s c r i p t i o n  of v e l o c i t y  space is n o t  “ n a t u r a l i r  t o  

t h e  geometry of t h e  s i t u a t i o n .  Rather, t h e  theore t ica l  framework u s e d  here 

and s e t  f o r t h  i n  CS1 and CS2 has been c o n s t r u c t e d  t o  allow a d i rec t  

i d e n t i f i c a t i o n  of the  o s c u l a t i n g  s a t e l l i t e  p o p u l a t i o n  f o r  compar ison  w i t h  

earlier work. Only two e v a p o r a t i v e  components ,  bound and  e s c a p i n g ,  t o  t h e  

e x o s p h e r i c  p o p u l a t i o n  are p h y s i c a l l y  w e l l  d e f i n e d ,  w i t h  t h e  d e m a r c a t i o n  

between b a l l i s t i c  and s a t e l l i t e  t r a j e c t o r i e s  b e i n g  somewhat a r t i f i c i a l ;  t h e  

d i s t i n c t i o n  is s i m p l y  t h a t  a s a t e l l i t e  t r a j e c t o r y  l o o p s  t he  p l a n e t  a f i n i t e  

number of times between exobase  i n t e r s e c t i o n s  ( w i t h  e v o l v i n g  o rb i t a l  

p a r a m e t e r s )  and is p r o p e r l y  looked  upon as b a l l i s t i c  before its first and 

a f t e r  i ts  l a s t  apogee .  T h i s  behavior  was f i r s t  o u t l i n e d  i n  Chamber la in  

c19791, where a p e r t u r b a t i o n  t r e a t m e n t  of t h e  dynamical  effects  of r a d i a t i o n  

pressure was used  t o  d e m o n s t r a t e  t h a t  t i g h t l y  bound s a t e l l i t e  orb i t s  e v e n t u -  

a l l y  crash i n t o  t h e  p l a n e t .  However, f l u o r e s c e n t  s c a t t e r i n g  by t h e  t i g h t l y  

bound atoms encompassed w i t h i n  t h a t  t r e a t m e n t  m u s t  c o n t r i b u t e  s y m m e t r i c a l l y  

abciit L L -  7 a - -  - m * * n *  l.Ib+;l-I~ t:ms-of-fiight lsss mechanisms are o p e r a t i n g  or 

n o t .  Thus t h e  b i a s i n g  e x h i b i t e d  i n  F i g u r e  5 m u s t  ref lect  t h e  e v o l u t i o n a r y  

p a t t e r n s  of s a t e l l i t e  o r b i t s  n o t  t i g h t l y  bound, a l though j u s t  how t o  i s o l a t e  

t h i s  h i g h e r  s p e e d  component is n o t  immedia t e ly  a p p a r e n t .  

L11C L L I I C  b.s,I”L.L ”..”., ..-. 

Plasmasphere I n t e r a c t  i o n  

Spectrum f u n c t i o n s  o b t a i n e d  w i t h  t h e  g e o c o r o n a l  model i n t e r a c t i n g  w i t h  

t h e  s p h e r i c a l  p l a s m a s p h e r e  model of CS1 and GS2, p r e s e n t e d  i n  t h e  u p p e r  two 

p a n e l s  of F i g u r e  6 ,  a re  r e m i n i s c e n t  of those  i n c o r p o r a t i n g  s o l a r  i o n i z a t i o n .  
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The shadow h e i g h t s  i n  t h i s  f i g u r e  are 2.50 RE and 6.632 RE w i t h  look d i r e c t i o n  

a l o n g  t h e  midnight  a x i s ,  and t h e  bound component c o n t r i b u t i o n s  are a g a i n  

d i s p l a y e d .  The e r o s i o n  of t h e  bound p o p u l a t i o n  by charge exchange  c o l l i s i o n s  

w i t h  t h e  too h o t ,  too d e n s e  s p h e r i c a l  p lasmasphere  model weakens t h e  c e n t e r  of 

t h e  l i n e  c o n s i d e r a b l y  and  is complemented by t h e  g e n e r a t i o n  of a s t r o n g l y  

enhanced  escape component. Again,  t h e  d i s t i n c t i o n  between b lueward  and 

redward s a t e l l i t e  c o n t r i b u t i o n s  i s  i n d i c a t i v e  of a l o n g e r  e x p o s u r e  t o  t h e  

p l a s m a s p h e r e  of s a t e l l i t e  atoms on t h e  n i g h t s i d e  moving away from t h e  p l a n e t ,  

r e s u l t i n g  from the  s a t e l l i t e  o r b i t  e v o l u t i o n  c a u s e d  by r a d i a t i o n  p r e s s u r e  

dynamics . 
The lower two p a n e l s  of F i g u r e  6 i l l u s t r a t e  t h e  effect  of i n t e r a c t i o n  

w i t h  t h e  d i p o l a r  p l a s m a s p h e r e  model of GS2. The d i p o l a r  p l a s m a s p h e r e  

g e n e r a t e s  an o v e r a l l  i n c r e a s e  i n  l i n e  i n t e n s i t y ,  most of which is due t o  a 

s t r o n g l y  enhanced s a t e l l i t e  component. An enhancement of t h e  escape component 

c o n t r i b u t i o n  is also p r e s e n t ,  though i t  is  not  as prominent  a f e a t u r e  as when 

t h e  s p h e r i c a l  p lasmasphere  model is employed. I n  these a p p l i c a t i o n s ,  

g e o c o r o n a l  k i n e t i c  m o d i f i c a t i o n s  r e s u l t i n g  from t h e  p l a s m a s p h e r e  i n t e r a c t i o n  

are m a i n l y  d e t e r m i n e d  by the  plasma t e m p e r a t u r e  p rof i le .  The d i p o l a r  s h a p e  of 

t h e  p lasmapause  is n o t  an impoi=i&it ~ ~ ~ s i c k r a t i ~ n  ?'fir axia l  eriefltatinns. The 

t e m p e r a t u r e  p r o f i l e  used i n  these c a l c u l a t i o n s  and i n  GS2, t a k e n  from Chiu  et  

a l .  [1979],  i n c r e a s e s  q u i c k l y  from 2000K n e a r  t h e  e x o b a s e  t o  5000K. The main 

effect  of t h e  i n t e r a c t i o n  i n  t h i s  i n s t a n c e  is t o  c o n v e r t  low e n e r g y  n e u t r a l s ,  

which a re  q u i c k l y  r e p l e n i s h e d ,  i n t o  h igher  s p e e d  atoms t h a t  a t t a i n  t o  o u t e r  

g e o c o r o n a l  l o c a t i o n s  w h i l e  s t i l l  r e m a i n i n g  bound. T h u s ,  w i t h  t h e  d i p o l a r  

plasmasphere model, which  i s  somewhat r e a l i s t i c  though s t e a d y  s t a t e ,  charge 

e x c h a n g e  r e g e n e r a t e s  t h e  s a t e l l i t e  component k i n e t i c  d i s t r i b u t i o n ,  l e a d i n g  t o  

b o t h  enhanced  column d e n s i t i e s  and  a p a r t i a l  e r a s i n g  of t h e  rcagetr b i a s i n g .  
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Note t h a t  w i t h  t h e  selected shadow h e i g h t s  ( r  > 2.00 R E ) ,  n o  a p p r e c i a b l e  

downward e s c a p e  component c o n t r i b u t i o n  is e v i d e n t ,  n o r  is o n e  t o  be e x p e c t e d .  

Ceo c o r  o n a l  Prof i 1 es 

I t  is clear from the  above examples t h a t  r a d i a t i o n  pressure, super imposed  

o n  t h e  p l a n e t a r y  g r a v i t a t i o n a l  a c c e l e r a t i o n ,  c o n t r o l s  t h e  g e n e r a l  form of 

o p t i c a l l y  t h i n  p r o f i l e s ,  a l t h o u g h  t h e  d i s t o r t i o n s  caused by so la r  i o n i z a t i o n  

and p l a s m a s p h e r i c  c h a r g e  exchange c o l l i s i o n s  can be c o n s i d e r a b l e .  I n  p a r t i c u -  

lar, narrow l i n e  w i d t h s  s u c h  as t h o s e  d i s p l a y e d  by t h e  examples  of F i g u r e  2 

s h o u l d  be looked upon as b e i n g  t y p i c a l ,  r e f l e c t i n g  t h e  e x t e n s i v e  q u a s i -  

s a t e l l i t e  component s u s t a i n e d  by r a d i a t i o n  p r e s s u r e .  Broader g e o c o r o n a l  l i n e s  

would t h e n  c o r r e s p o n d  t o  a r e l a t i v e  weakening of e m i s s i o n  a t  l i n e  c e n t e r  

caused  by a d e p l e t i o n  of s a t e l l i t e  a toms,  and  would most l i k e l y  be a s s o c i a t e d  

w i t h  periods of h i g h  solar a c t i v l t y  ( i . e . ,  s t r o n g  i o n i z i n g  f l u x e s )  or h igh  

t o p s i d e  i o n o s p h e r i c  t e m p e r a t u r e s  or both.  A b lueward  i n t e n s i t y  b i a s i n g  n e a r  

l i n e  c e n t e r ,  f o r  l i n e s  of s i g h t  p a r a l l e l  t o  t h e  a n t i s o l a r  a x i s ,  can  be 

e x p e c t e d  when s u c h  c o n d i t i o n s  pers is t .  These m o d i f i c a t i o n s  , t h o u g h ,  a re  

e m b e l l i s h m e n t s ,  imposed by p o p u l a t i o n  mechanisms, t o  a p r o f i l e  n a r r o w n e s s  

e s t a b l i s h e d  by r a d i a t i o n  p r e s s u r e  dynamics.  

An i n t e r e s t i n g  a i d  t o  p r o f i l e  a n a l y s i s  fol lows from t h i s  a s s e s s m e n t .  A s  

n o t e d  a b o v e ,  t h e  e s c a p e  component e m i s s i o n  graphs as a llledgelv i n  t h e  s p e c t r u m  

f u n c t i o n  format, and i n  f ac t  merges w i t h  t h e  bound component e m i s s i o n  a t  a 

f a i r l y  f i x e d  s p e c t r a l  d i s p l a c e m e n t  ( a p p r o x i m a t e l y  g i v e n  by t h e  r i g h t - h a n d  s i d e  

of i n e q u a l i t y  ( 6 ) ) .  T h i s  "merging p o i n t "  is o b v i o u s l y  n o t  a t e m p e r a t u r e -  

re la ted  feature;  ra ther ,  i t  i n d i c a t e s  t h e  spectral  d i s p l a c e m e n t  a t  which t h e  

e s c a p e  component b e g i n s  t o  dominate  t h e  l i n e  and s o  is de termined  by 

dynamics.  I t  is  s u g g e s t e d  t h a t  t h i s  p o i n t  may p r o v i d e  t h e  most u s e f u l  
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r e f e r e n c e  d i s p l a c e m e n t  for  d e f i n i n g  t h e  s p e c t r a l  l i n e  w i d t h  i n  e x o s p h e r i c  

s i t u a t i o n s .  I t  can a l s o  be used  t o  gauge whether t h e  bound component e m i s s i o n  

i s  d e p l e t e d  or enhanced r e l a t i v e  t o  e v a p o r a t i v e  l e v e l s ,  i n  t h a t  t h e  v a l u e  of 

t h e  s p e c t r u m  f u n c t i o n  a t  t h i s  p o i n t  has v a r i e d  l i t t l e  as t h e  v a r i o u s  examples  

have been c o n s i d e r e d .  Even w i t h  t h e  s p h e r i c a l  p l a s m a s p h e r e  model, t h e  merging  

p o i n t  r e m a i n s  close t o  i t s  e v a p o r a t i v e  l o c a t i o n  i n  F i g u r e  6. 

The l i n e  p r o f i l e s  a l o n g  t h e  midnight look d i r e c t i o n  f o r  both  p l a s m a s p h e r e  

i n t e r a c t i o n  models, n o r m a l i z e d  t o  t h e  r e s p e c t i v e  l i n e  c e n t e r s ,  are  shown i n  

F i g u r e  7. These i n c o r p o r a t e  solar i o n i z a t i o n  i n  t h e  manner descr ibed  i n  

GS2. For p u r p o s e s  of compar ison  t o  o b s e r v a t i o n s ,  these profiles can be 

c o n s i d e r e d  t o  be " rea l i s t ic" .  I t  can be a n t i c i p a t e d  t h a t  q u i e t  c o n d i t i o n s  

must p e r s i s t  f o r  s e v e r a l  d a y s  for  t h e  e x o s p h e r e  t o  a p p r o a c h  t h e  s t e a d y  s t a t e  

c o n f i g u r a t i o n  assumed i n  t h e  c a l c u l a t i o n s  reported here and i n  GS2. I n  view 

of t h e  s i m i l a r i t y  between t h e  Qipolar  p l a s m a s p h e r e  i n t e r a c t i o n  and s imple 

e v a p o r a t i v e  p r o f i l e s ,  t h e  s l i g h t  blueward l i n e  c e n t e r  b i a s i n g  a n d  t h e  s l i g h t  

enhancement of t h e  e s c a p e  wing i n  t h e  former are n o t  e a s i l y  p e r c e i v e d  i n  t h i s  

format . 

4. IMPLICATIONS FOR Ha PROFILE MEASUREMENTS 

Measurements of t h e  geocoronal  H, l i n e  p r o f i l e  have been i n d e p e n d e n t l y  

car r ied  o u t  and reported by Yelle and Roesler [ I 9 8 5 1  and  Kerr e t  a l .  C19861. 

Yelle and Roesler res t r ic t  themselves  t o  a l i m i t e d  set  of o b s e r v a t i o n s  w i t h  

maximum shadow heights of r o u g h l y  two E a r t h  r ad i i  and look d i r e c t i o n s  i n  t h e  

a n t i s o l a r  d i r e c t i o n ;  t h e  emphas is  of the i r  paper  is on compar ison  w i t h  t h e  

a n a l y t i c  t h e o r y  of Chamber la in  E19761 and  t h e  Monte-Carlo r e s u l t s  of Hodges 

e t  a l .  C1981 I and on  a s s e s s i n g  p r o f i l e  m o d i f i c a t i o n s  i n t r o d u c e d  by  e l i m i n a t i n g  
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atoms w i t h  h i g h  a l t i t u d e  a p o g e e s .  On t h e  bas i s  of t he i r  F i g u r e  1 1 ,  Yelle and 

Roesler s u g g e s t e d  t h a t  ground based o b s e r v a t i o n s  of n a r r o w  H p r o f i l e s  may 

i n d e e d  be a t t r i b u t a b l e  t o  a d e p l e t i o n  of atoms moving a l o n g  h i g h l y  e c c e n t r i c  

o r b i t s  . 

U 

Kerr et  a l .  [19861 p r o v i d e  a much more e x t e n s i v e  s e t  of o b s e r v a t i o n s  

p e r t a i n i n g  t o  s e v e r a l  l i n e s  of i n q u i r y ;  local  time v a r i a t i o n s  i n  e x o b a s e  

t e m p e r a t u r e  and column d e n s i t i e s  are  d i s c u s s e d  i n  a d d i t i o n  t o  t h e  p r e s e n t a t i o n  

of l i n e  p r o f i l e s .  Kerr e t  a l .  make a s t r o n g  case f o r  t h e  i m p o r t a n t  i n f l u e n c e  

of H+ f l u x e s  on  e x o b a s e  t e m p e r a t u r e s  and t h e  r e s u l t a n t  e x o s p h e r i c  c o n t e n t .  I n  

p a r t i c u l a r ,  Kerr e t  a l .  [ I 9 8 6 1  a p p e a r  t o  have d i r e c t l y  o b s e r v e d  t h e  e a r l y  

morning  hydrogen t r o u g h  [Vidal-Madjar and Thomas, 19781. The o b s e r v a t i o n s  

c o n t a i n e d  i n  Kerr e t  a l .  c19861,  made a t  Arecibo wi th  z e n i t h  l i n e s  of s i g h t ,  

encompass p r o f i l e  measurements  w i t h  l a r g e  shadow he igh t s  i n  t h e  a n t i s o l a r  

d i r e c t i o n ,  t h u s  complementing the coverage  of Yelle and Roesler. However, 

Yelle and Roesler and  Kerr et a l .  each relied o n  d i f f e r i n g  i n t e r f e r o m e t e r  set-  

u p s  and d e c o n v o l u t i o n  t e c h n i q u e s ,  making i t  d i f f i c u l t  t o  d i r e c t l y  compare t h e  

p r o f i l e s  o b t a i n e d  by t h e  two groups .  

The nar row p r o f i l e s  r e t r i e v e d  by Yelle and Roesler seem t o  concur  w i t h  

t h e  e x p e c t a t i o n s  of t h i s  paper .  I n t e r e s t i n g l y ,  Yelle and Roesler n o t e  a 

s l i g h t  b l u e  s h i f t  t o  t he  o b s e r v e d  e m i s s i o n  p r o f i l e s ,  though t h e  measurements  

were n o t  of s u f f i c i e n t  q u a l i t y  t o  q u a n t i t a t i v e l y  f i x  t h i s .  On t h e  b a s i s  of 

t h e  c a l c u l a t i o n s  summarized i n  F i g u r e s  5-7, a n d  c o n t r a r y  t o  ear l ier  n o t i o n s ,  

t h e  s a t e l l i t e  component is t o  be considered r e s p o n s i b l e  fo r  t h i s  blueward 

b i a s i n g .  T h i s  i m p l i e s  i n  t u r n  t h a t  i n  t h e  Fabre-Pero t  i n t e r f e r o m e t e r  

d e c o n v o l u t i o n  p r o c e d u r e s ,  care s h o u l d  be e x e r c i s e d  n o t  t o  a u t o m a t i c a l l y  t ake  

t h e  p ro f i l e  peak t o  c o i n c i d e  w i t h  t h e  s t a t i o n a r y  l i n e  c e n t e r .  

Anomalously broad m i d n i g h t  p r o f i l e s  were sometimes r e c o r d e d  by both 

I 
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g r o u p s .  I n  f a c t ,  Kerr et  a l .  o b t a i n e d  o n l y  a few examples  of narrow midn igh t  

p r o f i l e s .  Magnet ic  d i s t u r b a n c e s  or s i m p l y  n o n q u i e t  c o n d i t i o n s  were men t ioned  

i n  each paper  as p e r h a p s  hav ing  some direct  i n f l u e n c e  on these a n o m a l i e s .  I t  

i s  l i k e l y  t h a t  m u l t i p l e  s c a t t e r i n g  c o n t a m i n a t i o n  from nea r -exobase  o r  uppe r  

t h e r m o s p h e r i c  a l t i t u d e s  c o n t r i b u t e s  t o  some e x t e n t .  The l a rge  shadow he igh t s  

and r e s u l t a n t  low i n t e n s i t i e s  i n v o l v e d  i n  t h e  Kerr et a l .  measurements are 

p a r t i c u l a r l y  s u s c e p t i b l e  t o  shadow r e g i o n  c o n t a m i n a t i o n .  I n  t h e  absence  of a 

r e c o g n i z e d  a u x i l i a r y  e x c i t a t i o n  mechanism, m u l t i p l e  s c a t t e r i n g  of solar  Lyman- 

B seems t o  be t h e  o n l y  way t o  account  for t h e  c o n s p i c u o u s  e m i s s i o n s  o f t e n  s e e n  

i n  t h e i r  data  a t  spectral  d i s p l a c e m e n t s  on t h e  b l u e  wing  e x c e e d i n g  t h a t  

d e f i n e d  by t h e  shadow height  e s c a p e  speed  f o r  shadow h e i g h t s  above  t h e  plasma- 

pause .  S i n c e  most  geocorona l  m o d i f i c a t i o n s  b rough t  about  by charge exchange  

are effected by c o l l i s i o n s  a t  a l t i t u d e s  i n s i d e  2.00 RE, any p r o f i l e  p e r t u r b a -  

t i o n s  i n d u c e d  by H+ f l u x e s  n e a r  t h e  e x o b a s e  would n o t  be d i r e c t l y  o b s e r v a b l e  

f o r  shadow h e i g h t s  above  t h i s  zone. O f  c o u r s e ,  these f l u x e s  would affect  

p r o f i l e s  i n d i r e c t l y ,  by p e r t u r b i n g  exobase  c o n d i t i o n s  [Kerr et  a1 ., 19861 and  

p o s s i b l y  by i n f l u e n c i n g  m u l t i p l e  s c a t t e r i n g  Con tamina t ion .  

The theoretical  p r o f i l e s  presented i n  F i g u r e  7 ( a p p l i c a b l e  t o  c o n d i t i o n s  

a p p r o a c h i n g  s t e a d y  s t a t e ,  w i t h  q u i e t  m a g n e t i c  c o n d i t i o n s  p e r s i s i i i i g  foi- 

s e v e r a l  days  p r i o r  t o  o b s e r v a t i o n  and for  low t o  moderate s o l a r  a c t i v i t y  

e p o c h s )  might be u s e f u l  i n  attempts t o  gauge  the e x t e n t  of m u l t i p l e  s c a t t e r i n g  

c o n t a m i n a t i o n ,  when compared w i t h  t h e  n e a r  m i d n i g h t  prof i les  measured  by K e r r  

e t  a l . ,  f o r  i n s t a n c e .  A c t u a l l y ,  a firmer h a n d l e  on  m u l t i p l y  scattered Lyman- 

B c o n t a m i n a t i o n  is no t  d i f f i c u l t  t o  g a i n  s i n c e  t h e  g e o c o r o n a l  H s i g n a l  is not  

i t s e l f  scattered.  The proposed  t e c h n i q u e  for i s o l a t i n g  t h i s  c o n t a m i n a t i o n  

i n v o l v e s  t h e  "merging p o i n t "  which a p p e a r s  i n  t h e  spectrum f u n c t i o n  format. 

O b v i o u s l y ,  t h i s  is a v i a b l e  r e f e r e n c e  p o i n t  o n l y  i f  shadow r e g i o n  

a 
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c o n t a m i n a t i o n  i s  n e g l i g i b l e  o r  removable.  No te ,  t h o u g h ,  t h a t  t h e  e m i s s i o n  

p r o f i l e  from a l aye r  of g a s  c h a r a c t e r i z e d  by a Maxwellian k i n e t i c  d i s t r i b u t i o n  

( i . e . ,  p o s s e s s i n g  an  i s o t r o p i c  t e m p e r a t u r e  T g r a p h s  i n  t h i s  f o r m a t  as 
g 

where C < 1 is a n o r m a l i z a t i o n  f a c t o r .  T h u s ,  H o r i g i n a t i n g  from upper  

t h e r m o s p h e r i c  a l t i t u d e s  ough t  t o  be characterized by a n e a r l y  f l a t  s p e c t r u m  

f u n c t i o n  (Tg = T c ) .  A c o n t r i b u t i o n  of t h i s  s o r t  t o  a n  o b s e r v e d  g e o c o r o n a l  

p r o f i l e  would be e a s i l y  r e c o g n i z e d  on t h e  b l u e  wing ,  p a r t i c u l a r l y  f o r  shadow 

h e i g h t s  above  2.00 RE where no a p p r e c i a b l e  charge exchange  g e n e r a t e d  c a p t u r e  

component is  e x p e c t e d .  I n  b r i e f ,  m u l t i p l e  s c a t t e r i n g  c o n t a m i n a t i o n  s h o u l d  

a p p e a r  as a smoo th ly  v a r y i n g ,  r e c o g n i z a b l e  background i n  t h e  s p e c t r u m  f u n c t i o n  

f o r m a t ,  supe r imposed  on  t h e  s i n g l e - s c a t t e r i n g  e m i s s i o n  and hence  r emovab le .  

a 

The b e a r i n g  of t h e  Monte C a r l o  s i m u l a t i o n s  of T i n s l e y  and c o l l e a g u e s  

[Hodges,  e t  a l . ,  1981; T i n s l e y  et a l . ,  19863 is n o t  eas i ly  assessed. Both 

Yelle and Roesler [1985] and  Kerr e t  a l .  C19863 c i t e  t h e  e v e n t  s t a t i s t i c s  

p r e s e n t e d  i n  Hodges et a l .  C1981J b u t  are o n l y  able t o  i n f e r  t e n t a t i v e  

c o n c l u s i o n s  r e g a r d i n g  t h e  i n t e r p r e t a t i o n  of l i n e  p r o f i l e  measurements.  iiwi. 

a re  t h e  consequences  stemming from the  e v o l u t i o n  of s a t e l l i t e  atom o r b i t s  

c o n s i s t e n t l y  t a k e n  i n t o  a c c o u n t  i n  these s t u d i e s .  Yelle and  Roesler 

c o n s t r u c t e d  a geocorona l  l i n e  p r o f i l e  (shadow h e i g h t  13760 k m ,  p l a n e t o c e n t r i c  

d i s t a n c e )  from t h e  r ad ia l  v e l o c i t y  d i s t r i b u t i o n  f u n c t i o n s  described i n  Hodges 

e t  a l .  [1981] ( h o t  H +  model,  midnight  averages) which e x h i b i t s  a b lueward  

d i s p l a c e m e n t  of t h e  e m i s s i o n  peak. I n s p e c t i o n  of t h e  midn igh t  rad ia l  v e l o c i t y  

d i s t r i b u t i o n s  g i v e n  by T i n s l e y  et a l .  [1986, F i g u r e  71 has  t u r n e d  up a n o t h e r  

a p p a r e n t  example  of a n e t  blueward s h i f t ,  f o r  shadow h e i g h t s  between 13300 Ian 
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and -40000 km ( p l a n e t o c e n t r i c  d i s t a n c e s ) .  These  e x t r a p o l a t i o n s  a re  n o t  

c o n c l u s i v e ,  however .  I n  b o t h  sets of s i m u l a t i o n s ,  t h e  s i g n i f i c a n c e  of 

s t a t i s t i c a l  errors is n o t  made c l ea r ,  n o r  is much g a i n e d  by way of i n t e r p r e -  

t i v e  i n s i g h t .  I n d e e d ,  t h e  o n l y  m o d i f i c a t i o n  t o  z e n i t h  l i n e  p r o f i l e s  t h a t  can 

be f i r m l y  p red ic t ed  o n  t h e  basis of these s i m u l a t i o n s  (or ear l ier  w o r k ,  f o r  

t h a t  matter) is  an enhancement of the e s c a p e  and c a p t u r e  component c o n t r i b u -  

t i o n s  by p l a s m a s p h e r i c  c h a r g e  exchange c o l l i s i o n s .  

H p r o f i l e  measurements  c o n s t i t u t e  a p r o m i s i n g  t e c h n i q u e  f o r  s t u d y i n g  t h e  

geocorona .  Undoubtedly ,  i t  is  a s i m p l e r  matter t o  a n a l y z e  o b s e r v a t i o n s  of 

t h i s  t y p e  t h a n  t h e  earlier a b s o r p t i o n  cell  s t u d i e s  of Lyman-a l i n e  p r o f i l e s ,  

which a re  n o t o r i o u s l y  d i f f i c u l t  t o  i n t e r p r e t  [ B e r t a u x ,  1978; Prisco and 

Chamber la in ,  19791. A number of p o i n t s  remain  t o  be r e s o l v e d ,  however ,  before 

a comprehens ive  i n t e r p r e t i v e  framework f o r  g e o c o r o n a l  H measurements  can be 

advanced .  N e v e r t h e l e s s ,  nar row H p r o f i l e s  can  no l o n g e r  be c o n s i d e r e d  

"anomalous." I t  is a l so  e v i d e n t  t h a t  t he  e x t e n t  of t h e  s a t e l l i t e  atom 

p o p u l a t i o n  is disclosed i n  the a n a l y s i s  of p u r e  g e o c o r o n a l  p r o f i l e s ;  t h e  

spectrum f u n c t i o n  format s h o u l d  prove v e r y  u s e f u l  i n  f a c i l i t a t i n g  p r o f i l e  

a n a l y s i s .  Among t h e  u n r e s o l v e d  p o i n t s ,  t h e  q u e s t i o n  of t h e  i n f l u e n c e  of H+ 

f l u x e s  c a n n o t  be addressed a t  tnis time, due  t o  t 2 c  1% Z ~ S G C I W  heights near- 

t h e  t e r m i n a t o r  r e q u i r e d  t o  d i r e c t l y  i n v e s t i g a t e  p o s s i b l e  s p e c t r a l  s i g n a t u r e s  

of these f l u x e s ;  i n  p a r t i c u l a r  t h e  conf inement  t o  a x i a l  o r i e n t a t i o n s  must be 

r e l a x e d  t o  p r o p e r l y  p r e d i c t  l i n e  features for  o b s e r v a t i o n s  made n e a r  t h e  

t e r m i n a t o r .  Also, n o n u n i f o r n  exobase d e n s i t y  and t e m p e r a t u r e  v a r i a t i o n s  are  

l i k e l y  t o  p l a y  a dominant ro le  i n  p r o f i l e  f o r m a t i o n  a t  shadow h e i g h t s  below 

2.00 RE, a n d  t h e  a d o p t i o n  of a s t a n d a r d  e x o b a s e  model is n o t  a s t r a i g h t f o r w a r d  

p r o c e d u r e  [Vidal-Madjar and Thomas, 19781. For these  r e a s o n s  t h e o r e t i c a l  

p r o f i l e s  have n o t  been p r e s e n t e d  fo r  near -exobase  shadow h e i g h t s .  The 

a 

a 

. a  

20 



s a t e l l i t e  t r a j e c t o r i e s  p a r t i c i p a t i n g  i n  t h e  b lueward  b i a s i n g  of e m i s s i o n s  

a l o n g  t h e  midnight  a x i s  need t o  be i s o l a t e d  and t h e  o r b i t a l  e v o l u t i o n  

c l a r i f i e d .  F i n e  s t r u c t u r e  d i s t o r t i o n s  may p l a y  a s i g n i f i c a n t  ro le ,  p e r h a p s  i n  

c o n j u n c t i o n  w i t h  an a u x i l i a r y  e x c i t a t i o n  mechanism. T h i s  l as t  q u e s t i o n  has  

been pursued  s e p a r a t e l y  [Chamberlain,  u n p u b l i s h e d  m a n u s c r i p t  1. 
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FIGURE CAPTIONS 

F i g u r e  1. Spectrum f u n c t i o n  i n t e g r a t i o n  limits f o r  s p e c i f i e d  x and E, when 

r a d i a t i o n  p r e s s u r e  (RP) ac t s .  I n t e g r a t i o n  o v e r  X e x t e n d s  from t h e  exopause  

(X = 0.2056) t o  t h e  desired shadow h e i g h t  X l .  I n t e g r a t i o n  o v e r  5 is  broken 
P 

i n t o  i n t  er v a l  s c o r r e s p o n d i  ng t o  b a l l  i s t i c ( 0  5 5 5coNE)’ 

< SCONE 

ES C 

everywhere ,  no s a t e l l i t e  component i s  possible .  Dashed c u r v e s  

c o r r e s p o n d  t o  t h e  a n a l y t i c  theory l i m i t s  ( a  = 0 )  g i v e n  by Eqns. ( 4 ) .  

s a t e l l i t e  (cCoNE < r; < cEsc), and e s c a p e  (sESc I 5 )  components .  When 5 

The r;-limits are s q u a r e d  i n  t h i s  f igure t o  s i m p l i f y  t h e  a p p e a r a n c e .  

F i g u r e  2. E v a p o r a t i v e  case (exobase s o u r c e ,  r a d i a t i o n  p r e s s u r e  a c t i n g )  l i n e  

p r o f i l e s  f o r  look d i r e c t i o n s  a l o n g  the m i d n i g h t  a x i s  ( x  = 180’) for a v a r i e t y  

of shadow h e i g h t s  ( g i v e n  as p l a n e t o c e n t r i c  d i s t a n c e s ,  w i t h  t h e  e x o b a s e  p l a c e d  

a t  6871 km). Profiles are normal ized  t o  l i n e  c e n t e r .  Component c o n t r i b u t i o n s  

t o  t h e  r e s p e c t i v e  p r o f i l e s  are a l s o  shown. I n  these c a l c u l a t i o n s ,  t h e  e x o b a s e  

t e m p e r a t u r e  Tc has been set t o  1020K and t h e  r a d i a t i o n  pressure a c c e l e r a t i o n  

t a k e n  t o  be 0.75 cm/sec2. A c c o r d i n g l y ,  t h e  r e f e r e n c e  s p e e d  is (2kTc/ rn) ’ I2  = 

4.123 x l o 5  cm/sec and  t h e  exopause r has been p l a c e d  a t  a p l a n e t o c e n t r i c  P 

d i s t a n c e  of 36.20 RE. The shadow height e s c a p e  s p e e d s  of t h e  r e v i s e d  a n a l y t i c  

t h e o r y  are g i v e n  below t h e  shadow h e i g h t  ( $  ( A 1 )  = ( A l  - X ) 1 / 2 ) .  The 

bound component c o n t r i b u t i o n s  are bracketted by t h i s  s p e e d  i n  each i n s t a n c e .  
P ESC 

F i g u r e  3. Comparison of e v a p o r a t i v e  case l i n e  p r o f i l e s  w i t h  a n a l y t i c  model 

r e s u l t s  f o r  a shadow h e i g h t  of 2.50 R E  ( T c  = 1020K). shown are 

a n a l y t i c  model p r o f i l e s  ( c h a r a c t e r i z e d  by e x t r e m e  s a t e l l i t e  c r i t i c a l  r a d i u s  

v a l u e s )  a l o n g  w i t h  t h e  m i d n i g h t  a x i s  e v a p o r a t i v e  (RP,180°) p r o f i l e ,  each 

Left p a n e l :  
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normalized t o  l i n e  center .  R i g h t  panel: spectrum functions f o r  t h e  cases 

i l l u s t r a t e d  i n  t h e  l e f t  panel, along w i t h  t h e  noon ax is  evaporative (RP,Oo) 

and a n a l y t i c  rcs = 2.50 RE spectrum functions,  each normalized t o  l i n e  center.  

F i g u r e  4. Comparison of the evaporative noon (RP,Oo) and midnight (RP,180°) 

prof i les  w i t h  revised ana ly t ic  model p r o f i l e s  incorporating an exopause A 

( r e f e r  t o  Eqn. (511, f o r  a shadow height of 2.50 RE. 

Figure 3. 

P 
Format i s  t h e  same as i n  

Figure 5. Effect of so la r  ionization. Spectrum functions for  emissions along 

m i d n i g h t  and noon axes (shadow heights of 2.50 RE and 6.632 R E )  a r e  shown f o r  

the s o l a r  ionizat ion ( s o l i d  curve i n  each panel) a n d  the  simple evaporative 

(dashed curve) cases. Normalization is w i t h  respect t o  the center of the 

evaporative case curve t o  i l l u s t r a t e  the  spec t ra l  var ia t ion  r e s u l t i n g  from 

ionizat ion loss. The bound component contr ibut ions f o r  t h e  s o l a r  ionizat ion 

case a r e  a l s o  displayed. Note tha t  the escape llledgell alone contributes above 

t h e  shadow h e i g h t  escape speed. (Assumed s o l a r  ionizat ion decay time: Tsol - - 
10 days.) Not shown: exobase shadow height spectrum functions e x h i b i t  the 

same s o r t  of biasing,  although t o  a l e s s  conspicuous degree due t o  the 

i n t r i n s i c  w i d t h  of near-exobase p r o f i l e s  and the dominance of the b a l l i s t i c  

component there .  Biasing of prof i les  persists t o  shadow heights of 10.00 RE, 

b u t  a t  t h a t  column base distance the spectrum functions and corresponding 

s a t e l l i t e  contributions e x h i b i t  a l esser  degree of asymmetry near l i n e  center ,  

ind ica t ing  a reduction of the implied e f f e c t i v e  s a t e l l i t e  llagell difference.  
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Figure 6. Effect of t h e  plasmasphere i n t e r a c t i o n .  Spectrum f u n c t i o n s  f o r  

e m i s s i o n s  a l o n g  t h e  midn igh t  a x i s  f o r  2.50 RE and 6.632 RE shadow h e i g h t s  are 

shown for g e o c o r o n a l  models  i n c o r p o r a t i n g  charge exchange  c o l l i s i o n s  w i t h  t h e  

p l a smasphe re  models of CS2 ( s o l i d  c u r v e  i n  each p a n e l ) .  Bound component 

c o n t r i b u t i o n s  t o  t h e  p lasmasphere  i n t e r a c t i o n  cases are a l s o  shown, and  

n o r m a l i z a t i o n  is w i t h  r e s p e c t  t o  t h e  c e n t e r  of t h e  s i m p l e  e v a p o r a t i v e  p rof i le  

(dashed c u r v e ) .  The weakening of t h e  bound p o p u l a t i o n  e m i s s i o n  i n  t h e  

i n t e r a c t i o n  w i t h  t h e  too h o t ,  t o o  dense s p h e r i c a l  p l a smasphe re  is dramatic and 

i s  i n  s h a r p  c o n t r a s t  t o  t he  l i n e  c e n t e r  enhancement r e s u l t i n g  i n  t h e  d i p o l a r  

p l a smasphe re  i n t e r a c t i o n .  (The s p h e r i c a l  p l a s m a s p h e r e  model is c h a r a c t e r i z e d  

by a n  isothermal, d i f f u s i v e  e q u i l i b r i u m  H+ d e n s i t y  d i s t r i b u t i o n  w i t h  a 

s p h e r i c a l  p lasmapause  a t  geosychronous r a d i u s .  The d i p o l a r  p l a smasphe re  model 

is t h a t  of C h i u ,  e t  a l .  C19791 e v a l u a t e d  for  low-to-moderate s o l a r  a c t i v i t y  

c o n d i t i o n s .  The pa rame te r  v a l u e s  chosen  for  the c a l c u l a t i o n s  are g i v e n  i n  

GS2, Table 1.) 

F i g u r e  7. L ine  p r o f i l e s  f o r  l o o k  d i r e c t i o n  a l o n g  t h e  m i d n i g h t  a x i s  for 2.50 

RE and 6.632 RE shadow he ights .  N o r m a l i z a t i o n  1s w i t h  respect t o  t h e  

i n d i v i d u a l  l i n e  c e n t e r s .  S o l a r  i o n i z a t i o n  i i G  L--- ucclI A1,C.A.UVUr ' .*-' - l r l n r l  ir? c a n j i ~ n a t i o n  

w i t h  i n t e r a c t i o n  w i t h  t h e  i n d i c a t e d  p l a s m a s p h e r e  models; t h e  s i m p l e  

e v a p o r a t i v e  case p r o f i l e  i s  also shown (dashed c u r v e ) .  
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